A review of unusual results of experiments in cosmic rays which cannot be explained in the frame of the existing models of hadron interactions is presented. Requirements to features of a new model which are necessary for explanation of all observed unusual events and phenomena are formulated. A model of hadron interactions with production of QGM blobs with large orbital momentum is considered. Its possibilities for explanation of various unusual events and phenomena are discussed.
Introduction
In collider physics, overwhelming majority of investigations (both experimental and theoretical) are connected with proton-proton interactions. It is clear that these interactions are more simple as for experimental analysis so for theoretical description then nucleusnucleus interactions. In the last case various types of collective interactions of nucleons or quarks and gluons may appear.
In cosmic rays it is impossible to investigate proton-proton interactions since targets in the Earth's atmosphere are the nuclei of nitrogen and oxygen atoms. Additionally, most parts (about 60%) of cosmic rays are nuclei of various elements (up to iron) which come from cosmic space.
Above the energy of about 10 GeV primary cosmic ray (PCR) energy spectrum is described by a simple formula dN/dE ~ E  , where   const  2.7. In cosmic ray investigations, particles with energies up to about 10 20 eV and some features in the behavior of the energy spectrum were observed. Possible classification of CR energy intervals is given in Table 1 . Energy in the center-of-mass system (CMS) is usually calculated for nucleon-nucleon system NN s irrespective of the type of interactions: nucleon-nucleon, nucleon-nucleus, nucleus-nucleus. Composition of cosmic rays, or more exactly the relation between different components of cosmic rays, depends on the energy taken into account: energy per nucleon or energy per nucleus. Relation between various components combined in several groups is given in the Table 2 . Investigations of cosmic rays are performed in space, at higher layers of the atmosphere, on the mountains, on the Earth's surface (near sea level), underground (under water and under ice). Outside of the Earth's atmosphere, direct measurements of primary particles (Z and E) by means of satellites are carried out. Taking into account a sharp decrease of CR flux with energy, such investigations can be carried out for energies less than 10 15 eV only (Fig. 1) . In the Earth's atmosphere, probability to detect primary particles is decreased very rapidly with increasing the depth.
Therefore on the ground level secondary particles can be investigated only. The most important phenomena generated by PCRs in the atmosphere are extensive air showers (EAS) which consist of various particles: hadrons, electrons, positrons, photons, muons and neutrinos, and they can reach the sea level starting from the energy near 10 15 eV. EAS investigations are the only way to study CR energy region above 10 15 eV. For EAS investigations, systems of various detectors distributed over large area are applied. In addition to detectors of charged particles (mainly scintillation counters), detectors of different type radiations which are generated by EAS (Cherenkov light, fluorescence, radio, etc) are used.
The scheme of cosmic ray investigations by means of EAS observables is given in Fig. 2 [2] .
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Fig. 2. Existing approach to EAS analysis.
Measured characteristics of EAS are: number of charged particles in each detector (Nei), number of muons in each muon detector (Nmj), energy deposit of EAS core (ΔEh), cascade curve (C.C., longitudinal profile of EAS development in the atmosphere) and maximum EAS development (Xmax).
These experimental values are used for recalculation to primary energy spectrum and composition taking into account the interaction models which were checked at accelerator energies.
Results of cosmic ray experiments
Numerous experiments with various components of cosmic rays at primary particle energies below 10 15 eV gave no deviations from a simple picture of CR energy spectrum ( Fig. 1 ) and mass composition ( Table 2 ). Though the results of several experiments showed unusual behavior of some components (especially muons), they gave no serious deviations from an assumed picture.
Above 10 15 eV the picture is changed drastically. The first unusual phenomenon was observed in 1957 [3] . It was so-called "the break" in spectrum of charged particle number at energy about 3 PeV, later named "the knee". There can be two reasons of its origin: cosmophysical (changes in the energy spectrum and/or the composition of PCR, and nuclear physical (changes in the interaction model). After first discussions, most part of physicists agreed with the first possibility taking into account that it is in a good agreement with the Galactic model of cosmic ray origin.
At the further advancement to higher energies, other phenomena were observed: the second knee, the ankle, etc. All these changes in EAS characteristics were explained by changes in PCR energy spectrum and composition, results are shown in Fig. 3 and Fig. 4 . Fig. 3 . All-particle energy spectrum of primary cosmic rays [1] .
Fig. 4.
Mean logarithmic mass of cosmic rays derived from the depth of the shower maximum (left), from the measurements of electrons, muons, and hadrons at ground level (right) [4] .
Next serious deviations from the accepted picture of cosmic ray origin and existing model of their interactions were so-called unusual events which were detected at PeV energies and above in various experiments [5] [6] [7] . The list of such unusual events and phenomena includes:
-alignment (detection of three or more cascades which are located in a practically straight line; the probability of occasional generation of such events is negligibly small) -see -Centauros (observation of families with several tens of hadron cascades and practically without electromagnetic cascades) and Anti-Centauros (with opposite situation); these phenomena give evidence for the violation of isotopic invariance in secondary particle production;
-long-flying particles (these particles can penetrate a large thickness of matter and interact with the production of cascades);
-very young and very old EAS (with anomalous values of shower age), etc. Possible reasons of their appearance were discussed in many papers, and various ideas of their explanation were proposed, see e.g. [8] [9] [10] [11] [12] . But no idea for their explanation from a single point of view was proposed. 
Cosmic ray "muon puzzle"
During the last about 10 years, a new problem in cosmic ray muon investigations appeared. In several experiments, excess of muon bundles compared to simulations was observed. Firstly this excess was observed in LEP detectors ALEPH and DELPHI at muon multiplicity about 100 particles [13, 14] (Fig. 7) .
Fig. 7.
Integral multiplicity distributions of muons in the TPC of ALEPH detector (left) [13] and in HAB of DELPHI detector (right) [14] compared to CORSIKA simulations for p and Fe.
However in these experiments there was no possibility to study the dependence of this excess on primary particle energies. This information was obtained in experiment NEVOD-DECOR in which muon bundles were measured at various zenith angles (Fig. 8 [15] ). 
EPJ Web of Conferences
For each zenith angle registered multiplicity m was re-calculated into local muon density (ratio of the number of muons that hit the setup to the detector area) and corresponding spectra were obtained, which are compared with results of simulations (Fig. 8) . From Fig. 8a it is seen that at small zenith angles (35) the experimental points are in a good agreement with calculations for normal energy spectrum and composition of cosmic rays, and even the knee in the interval 1-10 PeV is noticeable. Data for 50 and 65 (Fig. 8b,c) demonstrate a trend to a heavier composition and a hint for an increase of the slope near 10 17 eV. However, at very high energies of primary particles around 10 18 eV and above, which correspond to the last interval of zenith angles (78, Fig. 8d) , intensity of muon bundles is higher than predictions even for pure iron primary flux.
This result was confirmed in Auger experiment [16] , where the number of muons exceeds the expected values for pure iron composition, too, and the excess increases with increasing energy of primary particles (Fig. 9) . At the same time HiRes [17] and Auger [18] data on Xmax distribution favor a light (predominantly proton) primary composition near 10 18 eV. The last measurements of muon energy spectrum above 100 TeV [19] also showed serious deviations from usual energy spectrum (Fig. 10) .
The set of the listed results on the study of both the muon component of the EAS and single muons of cosmic rays is the so-called "muon puzzle" [20] . Obviously, in the frame of existing models of cosmic ray origin and their interaction it is impossible to find a solution of this muon puzzle, and introduction of a new model of interaction is required. Fig. 9 . Average muon content as a function of the shower energy [16] ; shown for comparison are theoretical curves for proton and iron showers. 
A new model of nucleus-nucleus interactions
What we need for explanation of all unusual data from a single point of view? A model of hadron interactions is required which gives: 1) threshold behavior (unusual events appear at several PeV only); 2) large cross section (to observe unusual events in CR); 3) large orbital momentum (to explain alignment); 4) large yield of HE leptons (excess of muon bundles, penetrating cascades); 5) the change of EAS development and, as a consequence, increasing Nm/Ne ratio. Which kind of model can be acceptable for this? The first, production of new heavy particles. But in this case the geometrical cross section will be very small
The second, production of blobs of quark-gluon plasma (QGP), though it is better to speak about quark-gluon matter (QGM), since usual plasma is a gas, while quark-gluon plasma behaves like a liquid. We will consider the last model, since it allows explain the inclusion of new interaction features observed in LHC and cosmic ray experiments.
Production of QGM blobs provides two main conditions: -threshold behavior, since for that high temperature (energy) is required; -large cross section, since the transition from quark-quark interaction to some collective interaction of many quarks and gluons occurs:
    (2) where R is the size of quark-gluon blob.
But for explanation of other observed phenomena, a large value of orbital angular momentum is required. The question about orbital momentum which must appear in nucleus-nucleus interactions is usually not considered. For example in Fig. 11 the pictures from [21, 22] are presented. Fig. 11 . The time evolution of a high-energy heavy-ion collision (top) [21] . Participants and spectators at the heavy-ion fireball (bottom) [22] .
As one can see from this figure, QGM which is produced in peripheral collision, has no orbital momentum. Firstly, the importance of orbital momentum in heavy ion collisions was discussed in paper [23] . Corresponding scheme is presented in Fig. 12 . Further investigations of the value of orbital momentum L were done in [24] . It was shown that the value of the orbital momentum for gold-gold collisions with energy 200A GeV (about 40
TeV) can reach L ~ 10 4 . A blob of a globally polarized QGM with a large orbital angular momentum can be considered as a usual resonance with a large centrifugal barrier. The centrifugal barrier
will be large for light quarks but much less for top-quarks or other heavy particles. Though in interacting nuclei top-quarks are absent, the suppression of decays into light quarks gives time for the appearance of heavy quarks in boiling quark-gluon matter in the blob.
Fig. 12.
Production of orbital angular momentum in non-central ion-ion collisions [22] .
Simultaneous interactions of many quarks change the energy in the center of mass system drastically:
where mc  nmN. At threshold energy, n  4 (-particle).
Produced tt -quarks take away from the QGM blob the energy t > 2mt  350 GeV, and taking into account fly-out energy t > 4mt  700 GeV in the center of mass system. 
Explanation of CR and LHC results
In cosmic rays the new model allows explain all observed phenomena [25] , in the fist turn "muon puzzle". Decays of W-bosons into muons and neutrinos explain excess of VHE muons with energy above 100 TeV ( Fig. 13) and appearance of penetrating cascades [26] . Decays of W-bosons into hadrons (mainly pions, in average ~ 20) explain the increasing muon number (muon excess) with increasing energy. Let us consider the influence of the new model on interpretation of results of EAS investigations. Now the transition from measured data to the EAS energy does not take into account a missing energy which is carried away by VHE muons and three types neutrinos, and a change of EAS development due to a change of interaction model. A sharp increase of the missing energy leads to a change of EAS energy spectrum if this effect is not taken into account at reconstruction of EAS parameters from experimental data (Fig. 14) . for iron nuclei will be attained at lower energy than for lighter nuclei. Therefore the number of registered EAS from iron and other heavy nuclei will be increased compared to EAS from more light nuclei (Fig. 15) . If not to take into account the change of interaction model at transition to PCR energy spectrum and mass composition, this will lead to overestimation of heavy nuclei fraction in PCR. The first example is observation of imbalance of jet energies at ATLAS in heavy ion collisions (Fig. 16) [29] . Fig. 16 . Highly asymmetric dijet event in the ATLAS detector at Pb-Pb collision [29] .
If to take into account a possibility of tt -quarks pair production, explanation will be the following: top-quark decays as t W b   , and kinetic energy of particles in the center-ofmass system will be equal to: Tb  65 GeV, TW  25 GeV. If to take into account the fly-out energy, Tb may be more than 100 GeV which corresponds to jet energy in the observed event. In a case of decay W into pions (more than 10 particles), a picture observed by ATLAS will be obtained.
The second example is an excess of secondary particles observed in nucleus-nucleus (Pb-Pb) collisions compared to proton-proton collision at the same energy in the center-ofmass system NN s  2.76 TeV [30] . If to take into account collective interactions, the average mass of intersecting parts of nuclei will be larger than nucleon mass, and corresponding value AA s will be larger, too. Therefore, experimental point at the diagram must be moved to the right (Fig. 17 ). 
Conclusion
The results obtained in cosmic rays and in some experiments at the LHC evident in favor of a new state of matter existence. If this idea is correct, it can be investigated at LHC in detail. But it is necessary to search for the new state of matter at LHC not in proton-proton interactions but in nucleus-nucleus interactions. It is better to do this in interactions of light nuclei (nitrogen, oxygen), for which the multiplicity of secondary particles is not so large compared to Pb-Pb or Au-Au.
